INTRODUCTION
Selenium (Se)-vitamin E (E) deficiency in confinement-reared swine has been recognized as a practical field problem by a number of workers (Michel et al., 1969; Trapp et al., 1970; Groce el aL, 1971 Groce el aL, , 1973b Sharp et al., 1970; Mahan et al., 1973 Mahan et al., , 1974 . Corn and soybean meal are the major ingredients in Midwestern swine diets, and their low a-tocopherol content coupled with regional deficiencies of Se (Patrias and Olson, 1969; Ku et al., 1972) are primary factors in development of this disease. However, Trapp et al. (1970) observed that many commercial swine herds, in which this disease was identified, were being fed arsanilic acid. Since Wahlstrom et al. (1955) demonstrated that arsanilic acid and Se were antagonistic (in the sense that arsanilic acid reduced Se toxicity) and Levander et al. (1966) found that arsanilic acid increased biliary excretion of Se, Trapp et al. (1970) speculated that the use of arsanilic acid in swine diets may increase the likelihood of Se-E deficiency.
The purpose of this investigation was to study the effects of adding arsanilic acid or E upon utilization of natural or supplemental Se (from sodium selenite) in the diet.
EXPERIMENTAL PROCEDURE
Experiment I. Eighty Yorkshire, Hampshire and Yorkshire x Hampshire barrows and gilts weighing an average of 8.4 kg were randomly 425 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 2 (1978) allotted to eight dietary treatments fed ad libitum. The pigs used in this study were offspring of sows which had received no supplemental E or Se during gestation or lactation. They were housed 10 per pen in an enclosed, slotted-floor, environmentally-controlled building. The basal (16% crude protein), cornsoybean meal diet (table 1) contained .036 ppm Se and 6 IU E/kg (by assay) and no supplemental Se, E or antibiotics. The diets were: (1) basal, (2) basal + .1 ppm Se as sodium selenite 6, (3) basal + 22 IU ET/kg, (4) basal + 99 ppm arsanilic acid, (5) basal + .1 ppm Se + 22 IU E/kg, (6) basal + .1 ppm Se + 99 ppm arsanilic acid, (7) basal + 22 IU E/kg + 99 ppm arsanilic acid, and (8) basal + .1 ppm Se + 22 IU E/kg + 99 ppm arsanilic acid. After 12 weeks, the pigs weighed an average of 52 kg, and the basal diet was changed to provide 13% crude protein (table 1). Supplemental Se was withdrawn at this time since the Food and Drug Administration of the U.S. Department of Health, Education and Welfare had specified a 60-day minimum withdrawal period before carcasses of pigs fed Se supplements could be used for human consumption. Arsanilic acid supplements were withdrawn 8 days prior to slaughter. The pigs 6 Alfa Inorganics, Ventron Corp., Beverly, MA. 7As d-~-tocopheryl acetate with dextrin. Myvamix-Type 125. Distillation Products Industries, Rochester, NY.
SThomas-Wiley mill, Model ED-5. Arthur H. Thomas Co., Philadelphia, PA.
were weighed and feed consumption was determined bi-weekly. Tap water (<1 ppb Se) was offered ad libitum.
All animals were observed closely for clinical signs of Se-E deficiency. Blood samples were collected from the anterior vena cava from two pigs from each of the eight treatment groups initially, at 2 weeks and 8 weeks, and from all pigs 2 days prior to slaughter. Hemoglobin (Crosby et aL, 1954) and microhematocrit (McGovern et aL, 1955) determinations were made on heparinized whole blood. Serum glutamic-oxaloacetic transaminase (SGOT) (Sigma Technical Bulletin, 1964) was determined on all serum samples collected. Whole blood and serum samples were stored at -20 ~ until Se analyses could be performed. Liver, kidney and diaphragm muscle samples were obtained from all pigs at slaughter, placed in plastic bags and frozen at -20 ~ until analyzed for Se. Diaphragm muscle was homogenized with twice its weight of deionized, distilled water to facilitate uniform sampling and pipetting. Liver and kidney were homogenized with three and five times their weight of water, respectively. Homogenates were stored at -20 ~ until analyzed for Se. The diets were ground twice through a stainless steel screen with 2 mm diameter openings in a Wiley mill 8 and stored at -20 ~ until analyzed for Se. Se analyses of blood, serum, tissues and diets were conducted fluorometricaUy according to the method of Hoffman et al. (1968) with the modifications described by Groee et aL (1971) . The percent The pigs were housed in stainless steel metabolism cages for an ll-day adjustment period and a subsequent 3-day excreta collection period when consuming a constant, near ad libitum intake of feed offered as a gruel with deionized water in three meals per day. Phase 2 began immediately upon ending the first collection period. At this time, 22 IU of E were added per kilogram of all diets and the dietary treatments were identical to those in phase 1. A 6-day adjustment period to the diets was followed by a second 3-day collection of urine and feces. Urine was collected in 6 N hydrochloric acid separate from the feces. The feces were air dried on trays and were ground before analysis. Blood and serum were collected initially and at the end of the first and second excreta collections and stored at -20 ~ until analyzed for Se and SGOT. The feces, urine, whole blood, serum and diets were analyzed for Se content as described in experiment 1.
Experiment 3. Four male and eight female crossbred and Hampshire pigs whose dams had received no supplemental Se or E during gestation and lactation were used to study the effects of added dietary Se as seleniferous corn, E as d-a-tocopheryl acetate and arsanilic acid upon Se excretion and retention. The basal diet was a 16% crude protein corn-soybean meal diet (table 1) which analyzed .054 and .056 ppm Se, respectively, for phases 1 and 2 of this experiment. The pigs were assigned to one of four dietary treatments: (1) basal (table 1), (2) basal + 99 ppm arsanilic acid, (3) basal + .1 ppm Se from seleniferous corn and (4) Groce et al. (1973a) . The seleniferous corn was finely ground and substituted for .4% of the basal diet to provide the supplemental Se in diets 3 and 4. The pigs weighed an average of 7.6 kg initially and 8.1 kg at the beginning of phase 2. The pigs were housed in stainless steel metabolism cages for a 10-day adjustment period followed by a 3-day collection of excreta.
The diets were finely ground and fed three times daily in near ad libitum quantities with deionized water to form a gruel. Phase 2 began upon completion of the first collection period. All diets were supplemented with 22 IU E per kilogram and the dietary treatments remained the same as in phase 1. An adjustment period of 4 days was followed by a second 3-day excreta collection. Urine was collected in 6 N hydrochloric acid separate from the feces. The feces were air dried on trays and were ground before analysis. Blood and serum were collected initially and at the end of the first and second collections. Hemoglobin and microhematocrits were determined on heparinized whole blood as described in experiment 1. Serum samples were stored at -20 ~ until analyses for Se could be conducted. Se analyses of diets, feces, urine, and serum samples were conducted fluorometrically according to the method described in experiment 1.
Statistical analyses were conducted utilizing least square analysis of variance and two-way analysis of variance as outlined by Steel and Torrie (1960) .
RESULTS AND DISCUSSION
Experiment 1. The performance of pigs in experiment 1 is summarized in table 2. No significant differences in final weight, average daily gain or feed conversion could be attributed to the dietary treatments in this experiment. Similar results were obtained by Groce et al. (1971 Groce et al. ( , 1973b . Arsanilic acid supplementation increased final weights and average daily gains in pigs in these treatments but the main effect was not statistically significant. During the course of this experiment, two male pigs on the basal + 99 ppm arsanilic acid treatment died suddenly during the 8th week of the experiment, exhibiting signs of Se-E deficiency. In addition, after 12 weeks on experiment, one male and one female pig on the basal diet (.036 ppm Se) died suddenly with lesions of Se-E deficiency. The gross lesions observed at necropsy were paleness and edema in the skeletal muscles. There were pale areas in the heart muscle and diffusely mottled areas and focal hemorrhages or areas of extensive necrosis in the liver. Esophagogastric ulcers, hyperemia and hemorrhage of the fundic portion of the stomach were observed. Mucous membranes were icteric and the spiral colon and lungs were markedly edematous. Histopathologic examination revealed necrotic skeletal muscle fibers with macrophages, mineralization, swelling and fragmentation, loss of striations, focal areas of necrosis and mineral deposition and excess extrafibrillar and perivascular mononuclear cells. The most apparent microscopic lesions were those in the liver, consisting of necrosis and hemorrhage of clusters of adjacent lobules with increased interlobular fibrous connective tissue deposition. Interlobular edema was observed in histologic sections of lung tissue. The cardia of the stomach exhibited loss of stratified squamous epithelium with necrosis, fibrin, polymorphonuclear cells and thrombi in the submucosa. The post-mortem diagnostic conclusion in all cases was bepatosis diaetetica (E-Se deficiency) and esophagogastric ulceration.
No sudden death losses occurred in pigs fed diets containing supplemental Se and/or E and no gross lesions attributable to treatment were observed at slaughter. Carcass data collected at slaughter were not significantly affected by any of the dietary treatments and were considered normal values for present day growing-finishing swine. Absolute liver weight (table 2) was not significantly affected by the dietary treatments in this study, but liver weight expressed as a percent of live weight was significantly (P<.05) lower on diets not supplemented with Se. A significant (P<.05) interaction between Se and E with regard to liver weight as a percent of live weight did occur. E added to diets not supplemented with Se increased liver weight, as a percent of live weight, but decreased this parameter when added to Se-supplemented diets. Initial, 2-week and 8-week hemoglobin, hematocrit and SGOT values were not different among treatments. Serum Se at 2 and 8 weeks was (P<.O1) higher on Se-supplemented diets.
The effects of supplemental Se, E and arsanilic acid on the final blood parameters are presented in table 3. Se supplementation (P~.O1) increased serum Se levels at the final bleeding even though Se had been withdrawn from the diets for 60 days. This finding is contrary to the results reported by Groce et al. (1973b) . Arsanilic acid supplementation decreased (P<.01) hemoglobin and hematocrit values at the final bleeding. The significance of this finding is uncertain. SGOT values were not affected by dietary treatment in this experiment, were in the range of normal values reported by Wretlind et al. (1959) , and were lower than values reported by Orstadius et al. (1959) as indicative of Se-E deficiency in pigs. Supplemental E had no effect on any of the blood parameters measured in this experiment.
Tissue Se levels as influenced by supplementary Se, E and arsanilic acid are presented in table 4. Se supplementation increased (P<.01) liver, kidney and diaphragm muscle Se concentrations on both a wet annd dry basis even though Se had been withdrawn from supplemented diets for 60 days. These tissue Se values are lower than those reported by Groce et al. (1973b) for pigs having received Se followed by a 60-day withdrawal. Lindbergh and Lannek (1965) supplemented a Se-adequate diet (.126 ppm natural Se) with 1.2 ppm Se from sodium selenite which was fed to growing pigs for 78 days. Skeletal muscle Se concentrations were .52 and .76 ppm for basal and supplemented groups, respectively. Supplemental Se was withdrawn for 14 days and muscle Se concentrations declined to levels similar to those from pigs on the basal diet. Grant et al. (1961) observed no difference in muscle Se concentrations between pigs fed .2 ppm supplemental Se from sodium selenite and pigs fed no Se supplement. They observed little effect of duration of Se supplementation or length of withdrawal period on tissue Se concentration. Similar tissue Se values have been reported by Siren (1963, 1965) and Sharp et al. (1970) . Andrews et al. (1969) and Sharp et al. (1970) reported tissue Se levels for pigs dying of Se-E deficiency that were lower than those of pigs on the basal diet in this experiment.
Arsanilic acid supplementation increased (P<.05) diaphragm muscle Se levels on both a wet and dry basis. Supplements of E had no significant effect on tissue Se levels. 
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Experiment 2. The main effects of supplemental Se and arsanilic acid on Se balance and blood Se levels for the two collection periods are presented in table 5. In the first collection, Se supplementation increased (P(.01) Se intake, percent Se retention and absolute Se retention. This increase in Se retention resulted primarily because fecal Se excretion (as a percent of intake) was significantly (P(.01) reduced. Arsanilic acid supplementation significantly (P(.05) increased percent Se retention and there was a significant (P<.01) interaction between Se and arsanilic acid. The addition of arsanilic acid to diets not supplemented with Se increased percent Se retention but decreased percent retention when added to Se-supplemented diets. This interaction can be attributed to the (P<.05) interaction between Se and arsanilic acid in percent fecal Se excretion. Arsanilic acid decreased percent fecal Se excretion on diets not supplemented with Se but increased percent fecal Se excretion on Sesupplemented diets. Serum and whole blood Se levels were higher (P<.01) on Se-supplemented diets at the end of phase 1.
In the second collection period (following the addition of 22 IU of E per kilogram of diet), Se intake and absolute Se retention were increased (P<.01) by Se supplementation of the diet. There were no significant differences in the proportion of Se intake excreted in the feces or urine 9 However, the observed increase in absolute retention must have resulted from the non-significant (P=.077) reduction in percent fecal Se excretion resulting from dietary Se supplementation. Serum and whole blood levels were increased (P<.01) by Se supplementation of the diets at the end of the second collection period 9
In comparing the data from the two collection periods in this experiment, the addition of supplemental dietary E tended to increase percent urinary excretion of supplemental dietary Se and thus lowered the percentage of dietary Se retained. The comparison of the effect of E involves a time span, and thus the effects of supplemental E are confounded with the effect of period. These results are similar to those of Grote et al. (1973b) in which diets were supplemented with .1 ppm Se. Groce et al. (1973a) reported research that supported the hypothesis that these differences may truly represent an E effect since supplemental dietary E lowered selenite Se retention and a trend for increased urinary Se loss was evident in all trials bse intake, Se retention (% of intake) and Se retention (gg/day) significantly higher (P<.01) on Se-supplemerited diets.
CSe retention (% of intake) significantly higher (P<.05) on arsanilic acid-supplemented diets and there was a significant (P<.01) interaction of selenium and arsanilic acid.
dFecal Se excretion significantly (P<.01) lower on selenium-supplemented diets and there was a significant (P<.05) interaction of selenium and arsanilic acid. ese intake, retention (#g/day), serum Se and whole blood Se significantly (P<.01) higher on seleniumsupplemented diets at the end of phases 1 and 2.
reported. Comparison of the data from the two collection periods revealed that the effect of arsanilic acid supplementation of the basal diet on Se excretion and retention was similar to and parallels the changes attributable to Se supplementation of the diet.
Experiment 3. The main effects of dietary
Se supplementation (as seleniferous corn) and arsanilic acid supplementation on Se balance and serum Se levels for the two collection periods are presented in table 6. In the first collection period, Se supplementation increased (P<.01) Se intake, percent Se retention and absolute Se retention. The increase in Se retention can be attributed to the decreased (P<.01) urinary Se excretion on Se-supplemented diets and the lower fecal Se excretion. Arsanilic acid increased (P<.01) absolute Se retention and there was a significant (P<.01) interaction between Se and arsanilic acid. Arsanilic acid supplementation decreased absolute Se retention on diets not supplemented with Se while it increased absolute Se retention on Se-supplemented diets. Serum Se levels had increased (P~.01) on Se-supplemented diets by the end of the first collection period. bse intake and Se retention (% of intake) higher (P<.01) on Se~supplemented diets.
CSe retention (/~g/day) significantly (P<.01) affected by Se supplementation, arsanilic acid supplementation and a selenium X arsanilic acid interaction. durinary excretion lower (P<.O1) on selenium-supplemented diets. r intake higher (P<.01) on Se-supplemented diets.
fSe retention (vg/day) higher (P<.01) from Se supplementation and higher (P<.05) on arsanilic acid diets and there was a significant interaction (P<.05) of selenium and arsanilic acid. gurinary excretion lower (P<.O1) on Se-supplemented diets and a significant (P<.05) interaction of selenium and arsanilic acid.
hsemm Se higher (P<.01) on Se-supplemented diets at end of phases 1 and 2. "
In the second collection period (after adding 22 IU E per kilogram of diet) Se intake and absolute Se retention were higher (P<.01) on Se-supplemented diets. This increase in absolute Se retention is attributable to the decreased (P<~.01) urinary Se excretion on Se-supplemerited diets and the lower but nonsignificant fecal excretion of Se. Arsanilic acid increased (P<.05) absolute Se retention and a Sex arsanilic acid interaction (P(05) was observed in that arsanilic acid supplementation resulted in the same absolute Se retention as on diets not supplemented with Se while increasing absolute Se retention on Se-supplemented diets.
Furthermore, there was a significant (P<.05) interaction of Se and arsanilic acid in regard to urinary Se excretion. Arsanilic acid decreased urinary Se excretion on diets not supplemented with Se but increased urinary Se excretion on Se-supplemented diets. Serum Se levels were higher (P<.01) on Se-supplemented diets at the end of the second collection period.
Comparison of the data from the two collection periods revealed that dietary E decreased urinary and fecal Se excretion on Se-supplemented (seleniferous corn) diets and accordingly increased the percent Se retention and absolute Se retention. The effects of E supplementation are confounded with the effect of period since the two collections were conducted at different times. However, Groce et al. (1973a) reported similar results in that added E increased absolute retention of Se from seleniferous corn (22.4 vs 31.7 /ag per day). The increased Se retention from seleniferous corn in their study, when E was added to the diet, was due primarily to decreased fecal Se excretion. The effect of arsanilic acid supplementation of the basal diet on Se excretion and retention paralleled the changes observed due to Se supplementation of the diet for the two collection periods in this experiment.
The results of experiments 2 and 3 are in excellent agreement with the results reported by Groce et al. (1973a) . When supplemental Se was from seleniferous corn, a significantly higher perentage of Se ingested was excreted via the feces and less via the urine as compared to Se from sodium selenite. They reported a significant interaction in which added E reduced the absolute retention of selenite Se and increased the absolute retention of Se from seleniferous corn. The increased Se retention from seleniferous corn, when E was added to the diet was due to decreased fecal Se excretion in their study but due to both decreased urinary and fecal Se excretion in experiment 3 of this study. Fecal Se could be non-absorbed dietary Se or endogenous Se secreted into the lumen of the intestine (Wright and Bell, 1966) , and therefore increased Se absorption or reduced endogenous fecal Se secretion may have resulted from supplemental E to cause an increase in Se retention from seleniferous corn. In addition they observed that serum Se levels were lower on seleniferous corn as compared to selenite Se and supplemental E had no significant effect on serum Se levels. The lower serum Se levels resulting from seleniferous corn may have been due to decreased intestinal absorption or to increased clearance of serum Se to tissues. McConnell and Hoffman (1972) have demonstrated that Se in the form of selenomethionine is readily incorporated into rat hepatic proteins via the methionine pathway. Groce et al. (1971 Groce et al. ( , 1973a and Ku et al. (1972) , have shown that a given concentration of Se occurring naturally in feeds will result in greater Se retention and higher tissue Se levels than similar dietary Se levels from sodium selenite.
The results of experiment 2 also provide additional support for the observation of Groce et al. (1973b) that supplemental dietary E lowers selenite selenium retention primarily by promoting the urinary excretion of selenite Se, since a trend for increased urinary loss was evident in their trials and in experiment 2 of this study. Sharp et al. (1970) reported that supplements of E to selenite-containing diets increased kidney Se levels and noted that decreased liver and muscle Se concentrations were associated with the elevation in kidney Se.
Arsanilic acid was not antagonistic to physiological requirement levels of dietary Se in this study. Arsanilic acid increased diaphragm muscle Se concentrations (even though Se had been withdrawn for 60 days) and had no effect on liver or kidney Se concentrations. The balance studies demonstrated that arsanilic acid decreased Se excretion and increased Se retention. These data indicate that a normal usage level of arsanilic acid is not antagonistic to Se at nutritional levels and support the suggestion by Muth et al. (1971) that a selenium-arsenic complementary effect exists in Se deficiency situations. In their study, feeding 1 ppm arsenic in the form of sodium arsenate, when added to a low Se diet for pregnant ewes, gave marked protection against the myopathy commonly associated with Se deficiency in lambs. The data from this study suggest that discrimination against the use of arsanilic acid as a feed additive in diets containing nutritional levels of natural Se or in diets supplemented with .1 ppm Se from sodium selenite for growingfinishing pigs in low Se areas of the United States is unwarranted.
LITERATURE CITED

